During summer, 34 cows received daily injections of placebo or 25 mg of bST and were placed in a thennoregulated or a heat stress environment. Heat stress increased rectal temperatures, respiration rates, and plasma cortisol concentrations and decreased milk yield. Four of 9 bST-treated cows and none of 8 control cows became atactic on the 1st d of heat stress. When exposed to heat stress, cows treated with bST experienced higher rectal temperatures throughout the trials than cows treated with placebo. Nonetheless, bST increased milk yields in both environments. The major effect of heat stress on immune function was decreased migration of leukocytes to the mammary gland after chemotactic challenge. This effect of heat stress was not altered by bST. In summary, hyperthermia induced by heat stress and associated changes were greater for cows treated with bST. Detected effects of heat stress on the immune system were few and were not alleviated by bST. Use of bST during summer in subtropical climate zones requires careful management to avoid
INTRODUCTION
With the demonstration that bST improves milk yield in hot environments (9, 11, 13, 14, 19, 21, 24) , it is important to understand the role of bST in physiological adjustments to heat stress (HS). There are discrepancies in the literature as to whether bST increases metabolic rate (13, 14, 18, 20) ; such an effect would make thermoregulation in hot environments more difficult. Similarly, reports are conflicting as to whether bST increases body temperature during the summer or during experimental HS (11, 13, 14, 19, 21, 22, 24) . There may also be interactive effects between HS and bST on immune function, because HS can affect components of the immune system (6, 8, 12) , and bST has been reported to enhance aspects of the immune system in cattle (3, 4, 7, 10) . Additionally, the inhibition of proliferation caused by culturing lymphocytes at elevated temperature was less for cells obtained from bST-treated heifers than for cells from heifers treated with placebo (7) . Taken together, these results indicate the possibility that bST could alleviate certain reductions in immune function caused by HS. The objective of the present studies was to characterize physiological and immunological effects of HS and bST in lactating cows with particular emphasis on whether bST alters effects of HS. 
MATERIALS AND METHODS

Reagents
Recombinantly derived methionyl bST (sometribove) was obtained from Monsanto Co. (St. Louis, MO). McConkey agar was purchased from BBL Microbiology Systems (Becton Dickinson & Co., Cockeysville, MD). Other materials for bacterial cultures were from Difco (Detroit, Ml). Mouse monoclonal antibodies (Table 1) to bovine leukocyte differentiation antigens were purchased from VMRD Inc. (Pullman, WA). The fluorescein conjugated anti-mouse IgG was obtained from USB Corporation (Cleveland, OR). Mouse IgGJ, IgG 3 , and IgM for isotype controls were from Sigma Chemical Co. (St. Louis, MO). The cortisol radioimmunoassay kit was obtained from Ventrex Corp.· (Portland, ME).
Staphylococcus aureus vaccine, suspended in dextran sulfate for adjuvant, was donated by D. L. Watson, CSIRO (Commonwealth Scientific and Industrial Research Organization), Armidale, New South Wales, Australia. Dulbecco's PBS (DPBS), Histopaque 1077 (Sigma), oyster glycogen, and p-nitrophenyl-J}-Nacetylglucosaminide were from Sigma Cllemical Co. (St. Louis, MO). Gamma-globulin-free horse serum was purchased from GmCO (Grand Island, NY) and was added at a concentration of 10% (vol/vol) to DPBS (DPBSS).
Animals (Experiment 1)
Protocols used were approved by the University of Florida Animal Care Committee. Thirty-four lactating Holstein cows were used in the experiment. Parity ranged from 1 to 8 and DIM from 30 to 209. Four of the cows had been purchased in New York 7 wk previously, but these had been placed in an environment lonrnal of Dairy Science Vol. 75, No. 2, 1992 without shade before the experiment began and were acclimated to Florida conditions. An additional 3 cows had been purchased in New York 7 mo previously and were also adapted to Florida conditions. During the entire trial, cows were fed a total mixed ration based on com silage and with a calculated value of 1.54 Meal of NErJkg of DM Feed was given twice daily in quantities sufficient to achieve at least 5 to 10% orts. Water was available for ad libitum consumption.
From d 1 to 9 of bST treatment, all cows were maintained in a thermoregulated (TR) environment, i.e., were maintained in a shed open on the sides for ventilation and equipped with an evaporative cooling system (sprinklers and fans) that ran continuously from 0800 to 1800 h each day. The shed was open to an adjacent drylot to which the cows had free access. Sixteen randomly chosen cows, assigned to the placebo group, received daily subcutaneous injections of 2.5 ml of .075 M sodium bicarbonate; the other 18 cows received daily injections of 25 mg of bST in 2.5 ml of sodium bicarbonate. Treatment with bST started on d 1 (August 8) and lasted for 29 d. On d 10 of bST treatment (August 17), half the cows in each group were randomly assigned to one of two environmental treatment groups: cows either stayed in TR environment or were placed in an HS environment. Exposure to the HS environment was for 15 d. The environmental treatments for cows in the HS environment varied. On d 1 of HS, cows were placed in a lot with no access to shade or other cooling facilities from 0700 h until the evening (ca. 1700 to 1800 h). At this time, several cows displayed severe symptoms of HS (see Results) , and all cows were moved back into the TR environment. From d 2 to 6 of environmental treatment, cows were maintained in the lot without access to shade or other cooling from 0900 until 1400 to 1500 h. During the remainder of the day, cows were allowed access to an area covered with shade cloth. From d 7 to 15 of environmental treatment, HS cows were allowed access to shade cloth (but no fans or sprinklers) continuously. Environmental treatment lasted for 15 d, at which time HS cows were placed back into the TR environment.
On d -12 and 11 relative to bST treatment (d 2 of environmental treatment), all cows received an intramuscular injection of 1 ml of Staphylococcus aureus vaccine in dextran sulfate solution. On d 19 (August 26; d 10 of environmental treatment), 10 m1 of a .1% (wt/ vol) oyster glycogen solution in DPBS were infused in one front quarter of all cows with low see (i.e., cows for which California mastitis test reactions taken on July 24 and August 6, 13, 20, and 26 were repeatedly negative; 28 cows received infusions). The purpose of oyster glycogen infusion was to monitor treatment effects on the chemotactic migration of leukocytes into the mammary gland.
AnImals (ExperIment 2)
Seventeen cows, which in the previous experiment were in the TR environment (i.e., not subjected to HS), and which had been treated with placebo or bST for 29 d, were maintained on sodium bicarbonate or bST treatment for 12 d more. Cows were maintained in the TR environment until the start of Experiment 2 on d 35 of bST treatment (September 11) when all 17 cows were exposed to the HS environment. One cow was removed after 1 d of HS because of lameness, but the other 16 cows were maintained in the HS environment for a total of 7 d. Each day of HS, cows were maintained in a lot without access to shade or other cooling facilities from 0900 until 1200 to 1300 h. During the remainder of the day, cows were also given access to an area covered with shade cloth.
Weather Evaluation
For Experiment 1, dry bulb, wet bulb, and black globe temperatures and air movement were monitored at 10-min intervals for the duration of the experiments at an outdoor weather station located 10m from the HS environment lot as well as in an adjacent bam of structure similar to the TR environment bam. Dewpoint temperature and black globe humidity index were calculated (2) . Daily averages (from 0900 to 1800 h) of black globe temperatures and of black globe humidity indices were calculated. For Experiment 2, black globe temperature was recorded between 1230 and 1300 hid in the outdoor lot used for the HS environment. For the microscopic evaluation of somatic cell numbers, 10~of milk were expanded on a surface area of 1 cm 2 of a microscopic slide and stained with methylene blue. Twenty microscopic fields were counted using a 40 x lens of a light microscope, and SCC were calculated per milliliter of milk.
To determine NAGase in milk, triplicate determinations of enzymatic activity were made on each milk sample. For the assay, 80 JlI of 5 roM p-nitrophenyl-p-N-acetyl-glucosaminide in .05 M citrate buffer (pH 4.4) were added to 20~of skim milk diluted 1:1 in citrate buffer and incubated for 30 min at 38°C. The reaction was stopped by the addition of 150~of .5 M carbonate buffer (pH 10.3), and absorbance was read in a Microplate EL309 autoreader photometer (Biotek Instruments, Wmooski, VT) at 405 om.
Cortisol Assay
The radioimmunoassay was performed with an animal cortisol radioimmunoassay kit from Ventrex Laboratories (portland, ME). Crossreactivity data provided by the manufacturer included values for ll-deoxycortisol (18.3%), cortisone (5.4%), and 17-hydroxyprogesterone (1.1%). Twenty-five microliters of plasma and 1.0 mI of 125I-labeled cortisol conjugate were mixed in polypropylene tubes coated with antibody against cortisol Tubes were incubated for 45 min in a 37"C water bath. The reaction mixture was then decanted, and tubes were air dried before measuring radioactivity in a Iournal of Daily Science Vol. 75, No. 2, 1992 gamma-counter. Standards ranged from .625 to 500 ng per assay tube and were prepared in human cortisol-free serum. Using 25~of sample, the detection limit was .625 ng/mI. All samples of individual cows were assayed in duplicate in the same assay. Pools of bovine plasma were assayed at 5 to 30~per tube. Parallel displacement of labeled cortisol and quantitative recovery of added cortisol in low, medium, and high (10, 30, and 78 ng/mI) pools of bovine plasma were demonstrated. Intraassay and interassay coefficients of variation were less than 8%.
Peripheral Blood leUkocyte Count
Blood (20~) was diluted with 380~of 3% (voVvol) formic acid to lyse red blood cells. Leukocytes in the resulting suspension were counted in a hemocytometer.
Isolation of Mononuclear cells from Peripheral Blood
Blood (10 mI) was diluted 1:3 in DPBS without Ca++ or Mg++. The diluted blood was layered on 10 mI of Histopaque 1077 and centrifuged for 30 min at 400 x g. Cells in the interface between Histopaque 1077 and plasma were collected, washed twice in DPBS without Ca++ or Mg++, and suspended in DPBSS at 5 x 1Q6 cells/mI.
Monoclonal Antibody Staining for Flow Cytometry
All reagents were maintained at 4°C; centrifugation steps and incubations were also performed at 4°C. Mononuclear cell suspensions (150~) were placed into wells of 96-well round-bottom microtiter plates. Plates were centrifuged at 350 x g for 3 min, and the supernatant fraction was discarded. Plates were gently vortexed to loosen cell pellet, and 50 JlI of primary antibody (10 Jlg/ml in DPBSS) were added to appropriate wells (Table 1) . Plates were then gently vortexed to mix cells and antibody and incubated for 15 min. Next, 150~of DPBSS were added to each well, and then plates were gently vortexed and centrifuged at 350 x g for 3 min. Supernatant was discarded, and the washing step with DPBSS was repeated. Subsequently, 50 JlI of second antibody [anti-mouse IgG from sheep, F(ab'h fragment, coupled to fluorescein OOthiocyanate; dilution was 1:100 in DPBSS] were added to each well, and plates were gently vortexed to mix cells and antibody. Mononuclear cells were then incubated for 15 min in the dark before being washed twice with DPBSS. The supernatant was discarded, and 40 J1l of 1% (wt/vol) parafonnaldehyde in saline were added to each well. Plates were placed into the dark at 4'C until analysis by flow cytometry. hmnediately before analysis by flow cytometry, cells were washed twice with DPBSS to remove excess paraformaldehyde solution. The time span between staining and flow cytometry did not exceed 10 h. Controls employed in each staining procedure were second antibody alone (for background fluorescence) and appropriate ootype controls in place of primary antibodies (for nonspecific binding).
Flow Cytometry
A Facstar flow cytometer (BectonDickinson Immunocytometry Systems, Mountain View, CA) was used for examination of cells. The data on 5000 cells selected as mononuclear cells based on light scatter properties (forward and side scatter) were acquired in list mode. Cells were evaluated for fluorescence intensity. Cells with fluorescence intensity above intensity for background and isotype control were considered as positive, and their percentage was recorded.
Statistical Analysis
Data analysis was performed using the general linear models procedure of SAS (17) . Analyses were first perfonned using data from the entire experimental period, and then additional analyses were performed for the pre-HS, HS, and post-HS periods separately. The mathematical model in Experiment 1 generally used was = J.1+lli+ bj+Ck+ dl+ Iijkl + C(abcd)ijldm + en + eIijkln + £ijldmno where J.1 is the population mean; aj is environmental treatment effect (fixed); b j is the bST treatment effect (fixed); Ck is the parity effect (parity 1 and parity 2 or greater, fixed); dl is the DIM effect (DIM <140 d and DIM >140 d; fixed); Iijkl represents effects of two-and threeway interactions between environmental treatment, bST treabnent, parity, and DIM; C(abcd)ijklm is the effect of cow nested within environmental treatment, bST treatment, and parity and DIM (random; main plot error term); en is effect of day of observation (fixed effect), eIijkln represents interactions between e and other treatments; and Eijldmno is the random element associated with the observation 0 in the subclass ijklmn. The mathematical model for Experiment 2 did not include the environmental treatment effect. For most analyses, DIM and interactions with DIM were not significant sources of variation, and data were reanalyzed without this effect. Additionally, in some models, some of the two-and three-way interactions for parity or DIM were not included in the model because of empty cells. Milk yield was analyzed with or without linear and quadratic effects of preinjection milk yield and. separately, linear and quadratic effects of rectal temperature on day of measurement as covariates. Similarly, effects on rectal temperature were analyzed with and without linear and quadratic effects of milk yield on day of measurement of rectal temperature as a covariate.
RESULTS
Environmental Conditions
Daily averages (from 0900 to 1800 h) of black globe temperatures and of black globe humidity indices for Experiment 1 are shown in Figure 1 . Note that data for the HS group were recorded at a location exposed to full sunlight. Thus, recorded data do not correspond to the actual environments to which HS cows were exposed when they were allowed ac<:ess to shade (partial access on d 2 to 6 of HS and full access on d 7 to 15). . Average black globe temperature and black globe humidity index in lhermoregu1ated environments and heat stress (lIS) during Experiment 1. Results are daily averages of readings taken every 10 min from 0900 to 1800 h. Note that data for the lIS group were recorded at a location exposed to full sunlight Thus, recorded data do not correspond to acn.aJ environments to which HS cows were exposed when !bey were allowed access to shade (partial access on d 2 to 6 of HS and full access on d 7 to IS).
Physical Responses
was removed from the trial. She was 8 yr old, 217 d in lactation, and had a milk yield that averaged 19 As a result of this unexpected occurrence, all cows were maintained in TR conditions during the evening and night of d 1 of environmental treatment. Additionally, the protocol for causing HS was changed to reduce the probability of causing severe HS. From d 2 to 6 of environmental treatment, cows were maintained in the lot without access to shade or other cooling from 0900 until 1400 to 1500 h. At other times, cows were allowed access to an area covered with shade cloth. At approximately 1730 h of d 17 (d 6 of HS), cow 8740 (bST and HS) collapsed again and died within 15 min. On this day, cows were given access to shade at 1415 h, when the rectal temperature of cow 8740 was 42.00C. From d 7 to 15 of environmental treatment, environment was again altered for the HS group so that cows were allowed continuous access to shade cloth (but no fans or sprinklers). For the remainder of Experiment 1 and for Experiment 2 (in which cows received access to shade each day from 1200 until 0900 h the next day), no clinical signs of ataxia or heat prostration were observed. Data of cows 1063 and 8740 up to the day of removal from treatment were included in data analysis.
Rectal Temperatures, Respiration Rates, and Packed Cell Volume
Rectal temperatures and respiration rates were measured throughout the environmental treatment periods of Experiment 1. For Experiment 1, rectal temperatures and respiration rates were higher in HS cows than in unstressed cows (P < .01; Table 2 ). The HS cows treated with bST had higher rectal temperatures than HS cows treated with placebo, whereas rectal temperatures in cows maintained in the TR environment were not affected by bST treatment (environment x bST: P = .01; Figure 2 ). When used as a covariate, there were no significant linear or quadratic effects of milk yield on rectal temperature. There were no effects of bST or environment x bST on respiration rate (Table 2 ). Packed cell volume was affected by an environment x bST interaction ( Table 2) . Heat stress caused an increase in packed cell volume in cows injected with placebo but not in cows treated with bST.
In Experiment 2, all cows were exposed to HS. On d 1 of HS, the change in rectal temperature over the course of the sampling period was greater for bST-treated cows than for cows treated with placebo (treatment x time; P = .04; Figure 3 ). Over the entire trial, milk yield exerted linear (P = .09) and quadratic (P < .01) effects on rectal temperature. Cows treated with bST tended to have higher rectal temperatures than cows treated with placebo whether rectal temperature was (P = .09) or was not (P = .07) used as a covariate (Table 3) . There was no effect of bST on respiration rates.
Cortisol Concentrations In Blood Plasma
During the environmental treatment period, seven plasma samples were collected and analyzed for cortisol. Concentrations of cortisol were higher (P = .02) in HS cows than in unstressed cows (Table 2 ). There was an environment x bST x day interaction affecting concentrations ?f cortisol (P = .04); HS only affected cortlsol on d 1 and 6 of environmental ltJ!ffects of environment (P = .01) and bST (P = .10).
boata adjusted for pre-bST pre-environmental period milk yield.
ffects of environment (P < .01), bST (P < .01). and enviroIllIJent x bST (P = .09).
dLeast squares means for bST and environmental treatment period.
emtects of environment (P < .01), bST (P = .04), and environment x bST (P = .01). fEffeet of environment (P < .01). 8Effeet of environment x bST (P < .01).
hDala subjected to log transformation before statistical analysis. Reported values are the antilogs of the least squares means.
iEffect of environment (P = .02). treatment, and the increase associated with HS on those days was greater for bST-treated cows (Figure 4 ).
Milk Yields
In Experiment 1, milk yields were not different for treatment groups before bST treatment started (fable 2; Figure 5 ). After initiation of bST treatment, milk yields increased in cows treated with bST, and, to a lesser extent, in cows treated with placebo. During the environmental treatment period, milk yields were lower in HS cows (P < .01), but HS cows treated with bST had higher milk yields than HS cows treated with placebo (after adjustment for pre-bST treatment milk yields: bST: P < .01; environment: P < .01; environment x bST: P = .09; Table 2 and Figure 5, 
panel B).
In Experiment 2, milk yields were greater (P = COata are adjusted by using 1inear and quadratic effects of milk yield as a covariate. Meet of bST treatment; P =,(17 for unadjusted data, and P = .09 when data are adjusted for milk yield. During the bST enviromncnta1 treatment period, rectal temperatures were higher for cows in the HS environment (P < .01), were higher for bST-treated cows (P = .04), and were affected by environment x bST intmlCtion (P =.01).
Results are least SQ\WeS means. 1be pooled standard error of the means = .17.
.02) for cows treated with bST when data were adjusted for milk yields prior to Experiment 1 (fable 3).
Bacteriological Analysis of Milk Samples
Prior to the start of bST treatment, of 133 quarters examined, 6 quarters (from 3 cows) were infected with Staphylococcus spp. and 7 quarters (from 3 cows) with Streptococcus spp. During the bST treatment period (including the environmental treatment period), 1 of 32 quarters (one cow) in the TR placebo group (Staphylococcus spp.), 3 of 36 quarters (2 cows) in the TR bST group (1 Staphylococcus spp., 2 Streptococcus spp., 1 Gram-negative), 1 of 31 quarters (one cow) in the HS placebo group (Staphylococcus spp.), and 2 of 34 quarters in the HS bST group (cows 1063 and 8740) became infected. Throughout the trial, 2 of 8 TR placebo, 4 of 9 TR bST, 2 of 8 HS placebo, and 4 of 9 HS bST cows experienced at least 1 infected quarter (differences in incidence of mastitis between treatments primarily reflects mastitis that preexisted before application of treatment).
SOmatic cells and NAGase In Milk
Data for sec and NAGase were logtransformed for statistical analysis. Peak sec During the bST environmental treatment period, cortisol coocenJrations were higher for cows in the HS environment (P = .02). There were no differeDCCS because of bST treatmeot or the interaction between environment and bST.
1bere were interactions between day of treatment x environment (P < .01), day of treatment x bST (P < 
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28 4 September Figure 5 . Mean milk yield of cows treated with placebo or bST (15 mg/d) and exposed to a thc:rmoregulated environment or heat stress (liS). Panel A represents cows maintained in the thc:rmoregulated environment during experimental treatment period, and panel B represents cows maintained in the HS environment during the environmental treatment period. For the pro-bST treatment period and for the bST period before environmental treatment, least squares means for milk yield were not different (P > .10). During the bST environmental treatment period, milk yields were higher for cows in the thermoregulated envirooment (P =.01) and tended to be hiF for bST-treated cows (P -.10).
When milk yields for the bST enviromnenta1 treatment period were adjusted for pro-bST milk yields (data not shown; see Table 2 ), milk yields were higba for cows in the thmooregulated environment (P < .01) and for bST-treated cows (P < .01). There was also a tendency (P = .09) for an environment x bST interaction for adjusted data. after oyster glycogen infusion were higher for cows in thennoregulated environment than for cows in HS environment (40.8 x 10 6 vs. 17.1 x 106, SEM =3.9 x 1()6 somatic cells/ml; P = .01) and were 38.4 x 106, 43.5 x 106, 24.1 x 106, and 12.2 x 106 somatic cells/ml for 1R placebo, TR bST, HS placebo, and HS bST cows, respectively. Differences in see between 1R and HS cows were present only at 12 h after oyster glycogen infusion (environment x time postinfusion: P =.02; Figure 6 ).
The NAGase content was higher in multiparous cows (17.3 ± 1.5 nmol/ml per min) than in primiparous cows (13.1 ± 1.0 nmol/ml per min; P < .05). There were no main effects of environment or bST on NAGase in milk (results not shown). Pearson's coefficient of correlation for see and NAGase was .58 (n = 107; P < .01). Figure 7 . Number of leukocytes, CD2+ lymphocytes (T cells), and B lymphocytes in peripheral blood from cows Ireated with placebo or bST and exposed to a thennoregulated (TR) environmeot or heat slress (lIS). Bars represent least squares means of unttansformed data (± standard error) for cows sampled once in the period prior to environmental treatment; on d I, 2, 6, and 15 of eovironmental treatment; and on d 5 after the end of environmental treatment. There were no differences between treatment groups in total number of leukocytes in the period prior to environmeotal treatmeot or in the environmental treatment period. Mer the environmental period, leukocyte counts in bST-Irealed cows were lower than in placebo-treated cows (P = .06). For CD2+ lymphocytes and B lymphocytes, there were no significant differences between treatment groups in any period. These data were log-transfonned before analysis. Least squares means of nontransfonned data are shown in Figures 7 and 8 . Leukocyte counts in peripheral blood were generally unaffected by treatment, except that bST-treated cows had lower numbers of leukocytes than cows treated with placebo at 29 d of bST treatment (P =.06; Figure 7 ). This difference was not caused by hemodilution because packed cell volume on d 29 averaged 32.4% for bST-treated cows and 33.9% for cows
DISCUSSION
As has been shown previously (2,5, 8, 11, 13, 14, 16.23,24) . HS caused an increased in treated with placebo. There were no differences detected because of environmental or bST treatment or their interaction for proportions of CD2+ cells. CD4+ cells. CD8+ cells. CD4+:CD8+ cell ratio. or for the proportion of B cells (Figures 7 and 8 ).
body temperature, respiration rate, and plasma concentrations of cortisol while causing a decrease in milk yield. A major finding of Experiments 1 and 2 was that the hyperthermia caused by HS was of greater magnitude for cows treated with bST than for cows treated with placebo. Respiration rates in HS cows were not affected by bST, but this probably reflects the fact that, as rectal temperature increases, respiration rates increase to a maximum and then decrease (1). In Experiment 1, treatment with bST was also associated with occurrence of ataxia and death upon exposure to severe HS. Heat stress did not cause ataxia and mortality in Experiment 2, but the protocol of Experiment 2 was designed to prevent such responses.
The present results that bST increased rectal temperatures in experimentally HS cows is consistent with reports that bST-treated cows had higher body temperatures than control cows in lactation trials conducted in hot environments (21, 22. 24) . In contrast, no effect of bST on HS-induced hyperthermia was seen in several experiments conducted in environmental chambers (11, 13, 14) and in one Florida study conducted in free stalls (19) . One possible explanation for these different results is that bST-treated cows are more likely to become more susceptible to HS when the stress is severe. For example, average rectal temperatures of HS cows in the present experiments were often over 4O.soC, whereas rectal temperatures in experiments in which bST did not increase rectal temperatures were 40 to 4O.soC or less (11, 13, 14, 19) . Also, HS in the current study was caused in large part because of incident solar radiation, whereas this source of environmental heat was not a major factor in studies in which bST did not increase rectal temperature (11, 13, 14, 19) .
The ataxia and deaths associated with the combination of bST and HS have not been reported previously. The small numbers of animals involved make it possible that the increased occurrence of these severe symptoms for cows treated with bST was due to chance. Nonetheless, the higher incidence of ataxia and death in the bST-treated group is consistent with the finding that bST-treated cows had higher rectal temperatures than cows treated with placebo. It is not known whether vaccination with Staph. aureus vaccine contributed to the response to HS. Effects of vaccine seem remote, however, given the fact that all cows were vaccinated and that the first vaccination occurred 22 d before HS.
The mechanism by which bST increased the susceptibility of cows to HS is unclear. It is unlikely that the increased susceptibility is due to the effect of bST on milk. yield. because the absolute difference in milk yield between controls and bST-treated cows at the initiation of HS was very small. It is unclear whether bST increases metabolic rate (13, 14, 18, 20) . If so, bST may increase the degree of hyperthermia in HS cows because metabolic heat production is increased. It is also possible that bST reduced dissipation of heat from the cow through some unknown action. In another study (13) , however, increased heat production in bST-treated cows was accompanied by an associated increase in heat loss.
In the present study, packed cell volume was greater for HS cows than for cows in the TR environment only if they were not also receiving bST. Changes in hematocrit presumably reflect the balance between HS-associated changes in water intake and HS-associated changes in water utilization (increased water for evaporative heat loss versus decreased water if milk yield is depressed). Perhaps bST altered some of these relationships between HS and water balance. Treatment with bST has been reported to increase water intake (11, 13) and decrease hematocrit (11, 24) under both cool and hot conditions.
Concentrations of cortisol in plasma were elevated in HS cows, particularly if cows were also receiving bST. The HS-associated increase in concentrations of cortisol was not sustained, however, and greatest differences were seen on d 1 and 6 of HS. It had been reported previously that concentrations of plasma cortisol return to basal levels after chronic HS (5) , although other studies reported continuously elevated cortisol levels in cows in HS for a duration similar to that for the current study (16, 23) . West et al. (22) found no effect of bST on cortisol concentrations in cows maintained in a hot, humid environment.
A major hypothesis of the present study was that bST would reduce effects of HS on immune function. In a previous study (7) , the inhibition of mitogen-induced proliferation of lymphocytes caused by culture at elevated temperature (42°C) was less for cells from bST-treated heifers than for cells from control heifers. The major effect of HS on immune function in the present study was a decrease in migration of leukocytes to the mammary in response to a chemotactic challenge of oyster glycogen. In a previous study, random migration and chemotaxis by polymorphonuclear leukocytes in vitro were inhibited by culture temperatures of 42°C, and chemotaxis of polymorphonuclear leukocytes from HS cows was also depressed (8) . These effects on function of polymorphonuclear leukocytes could explain the decreased response to oyster glycogen in the present study as well as the increased incidence of mastitis in the summer reported in a Florida study (15) . In spite of the literature indicating effects of bST on immune function (3, 4, 7, 10) , there was only one effect of bST on immune function and no bST X environment interactions affecting immune function. This effect of bST was a reduction in numbers of peripheral blood leukocytes after treatment with bST for 29 d. This latter finding, which corresponds to previous results in which bST reduced peripheral blood leukocyte counts in heifers treated for 100 d with bST (8), was not associated with hemodilution in the present study. There was no detectable effect, however, of bST on percentages of peripheral blood B cells, CD2+ cells (T cells), CD4+ cells, CD8+ cells, or on chemotactic responses of polymorphonuclear leukocytes in the mammary.
In spite of the fact that bST increased rectal temperatures of HS cows, bST increased milk yield in HS cows of Experiment I, a result similar to other studies conducted under HS conditions (9, 11, 14, 19, 21, 24) . Thus, bST does offer the potential for increasing milk yield in hot environments. The fmding that cows treated with bST were more adversely affected by HS than cows treated with placebo emphasizes the importance of ensuring that use of bST during summer in subtropical climate zones be implemented in conjunction with good management to avoid overexposure to HS. 
